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1f the reactions

at . p ..._,;2+ + xF (amplitude £+), (1)

w +p .--)20 + Ko (amplitude io). (2)
and - - + . -

T +p—-3Z + K' (amplitude £f), (3)

satiefy charge independence (CI), then the three amplitudes involved are not
independent. If one makes the usual isotopic spin assignme;nts of a

(E+, Zo, Z7) triplet and a (K+. Ko) doublet, then the complex amplitudes

£, fo. and {  are related to the two independent amplitudes f3/2 and fl/Z that

correspond to total isotopic spin 3/2 and 1/2. The relations are
+

© = Y 2/33,, - (YV2/3), ;. (5)
and g~ (1/3)t5 )/, + (2/3), /5 . (6)

The linear dependence which then follows,

JZO =5, (7)
corresponds to a triangle in the complex plane, and therefore the 'triangle
inequality !

J—
/2 oz <V (zh + Yo (2) (8)

must hold for the differential cross sections ¢ (Z) at each production angle

%*
Work done under the auspices of the U. S. Atomic Energy Commission.

TNc::»w at University of California at Los Angeles, lLos Angeles, California.
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and for the integrated cross sections. (The two additional inequalities
obtained by permutation of Eq. (8) must also hold, but do not concern us. They
are not contradicted by any experiments. )

Previous experimental results of Brown et al. 2 for 1.1-Bev pions
incident on & 12-in. propane bubﬁe chamber without magnetic field have indicated
a sharp contradiction with Eq. (8) for backwards-produced Z's. 1f substantiated,
this observation would imply either that ClI does not hold for Reactions (1), (2),
and (3), or, alternatively, that the usual isotopic spin assignments are wrong.

We have measured absolute differential cross sections for Reactions (2) and
(3), using 1.09%0.01-Bev (i.e. 1.22-Bev/c)n incident on the Alvarez 10-in.
liquid hydrogen bubble chamber, Qith an ll-kilogauss magnetic field. Cur
results differ substantially from those of Brown et al., both as to magnitudes
and as to angular dependences. In view of the disagreement it is perhaps unwise
to compare our results for Reactions (2) and (3) with those of Brown et al. for
Reaction (1) in order to check the triangle inequality Eq. (8), We nevertheless
make this comparison, and find that, within the statistics, there is no contradiction
with charge independence. £

Figure 1 shows our results, and those of Brown et al., 4 for Reactions (2)
and (3). Our results do not substantiate the strong suppression of forward 230'3
and of backwards £ 's observed by Brown et al.

Figure Z shows the expefimental results of Brown et al. for o'(E*'),

together with the lower limit o (Z‘*)LL which we predict from our results for

0-(2'20) and ¢ (Z"), and the inequality (8). Cur predicted lower limit is thus given

by

o(zh, = (V20 (20) - Vo (z) )2 (9)
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From Fig. 2 we see that in the backwards quarter of the hyperon solid angle

our predicted lower limit exceeds the measured value of o E+) of Brown et al.
by 1.6 std dev. This is to be compared to the 4.2-std dev violation of CI first
reported by Brown et al. 2 Within the statistics we find that there is no longer any
contradiction with CI.

It is perhaps worth noting that if the suppression of backwardes I~ (relative
to our result) observed by Brown et al. is due to the carbon content of propane,
then by charge symmetry a similar suppreasion could perhaps be expected for
backwards £*. In that case even the small remaining discrepancy with Eq. (9)
would disappear.

From Fig. 2 it is apparent that within the statistics our predicted values for
o (z+)LL are, at all production angles, consistent with O’(E.}) as measured by
Brown et al. It is thus reasonable to assume that the inequality (8) degenerates
into an equality, at all production angles. Under that hypothesis the triangle
of Eq. (7) collapses into three parallel segments, or a triangle with zero area.
Aside from a common phase factor, f‘*. fo. and { pmy be then taken as real.

Our results for o(Z’) and 0(Z") then suffice to determine i, /2 and £/, by
means of Eqs. (4) and (5) and (6).

#or the total cross sections in Reactions {2) and (3) we find
o(£%) = 0.3940.037 mb (10)

and O(Z7) = 0.27 £0.028 mb. (11),
Correspondingly we find, subject to the assumption of a triangle of zero area,

and using only our own data, the amplitudes

-14
f) /5 = +3.05%0.11x10 14 m (12)

and 14
c

f3/z = - 1.1440.16x10" m (13)
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up to an undetermined common phase factor. In terms of intensities, the
results (12) and (13) correspond to (230, KO) production that is 88% in the I = 1/2 state,
and ( £ 7, K+) production that is 96% in the 1 = 1/2 state.

The remainder of this letter is concerned with experimental details. The
(Z°, K+) events were distinguished by the scanner from other "two-prong'' events
through the characteristic decay of the Z~. For both total-cross-sectian‘and
angular-distribution determinations the following ''cutoff' criteria are employed.
The production event is required to take place inside a restricted fiducial §olume
in the chamber. The Z° decay must occur inside a slightly larger fiducial
volume. The X~ must travel at least 0.6 cm before it decays. The decay n~
must make a projected angle of at least 8.0° with the direction of the X~. The
calculated geometrical detection probability under these criteria remains within
the limits 0.50 and 0.56 over the entire angular range. In making the calculation
we use our own value for the Z  mean life, 1.45x 10"10 sec. By a second
scanning we find that non-cutoff (Z7, K+) events are found by the scanner with an
efficiency of 97.2%1.3%. The angular distribution and total cross section for
(£7, K') are based on 96 non-cutoff events.

In the (EO, KO) determination, the same fiducial volumes for production
and decay are used as for (Z°, K+). To be accepted as ''detectable''a A or
Ko must travel at least 0.3 cm from the production point and undergo charged
decay inside the fiducial volume. In calculating the detection probabilities we
use our values for the decay branching ratios,
(Ko - nts 1)/ (all Ko) = 0.339, and (A = p + n )/(all A) = 0.627, and our lifetime

10 10

values 701 = 0.94x10""" sec, and AT 2.72x10""" sec. Scanning efficiencies

are 97.7 £0.7% for single vees (non-cutoff), and 99.420.6% for double vees. The

0

total number of non-cutoff ( ", Ko) evenﬁs is 134, consisting of 30 single KO decays
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(in which the A decay is either not observed or is cut off), 75 single /A decays
(KO decay not observed or cut off), and 29 doubles (neither decay cut off). In
determining the shape of the angular distribution the 75 single A decays were
not used, since (a) the angular distribution of the A'®s is somewhat washed

out relative to the =0 angular distribution because of the recoil from the 75-Mev
y ray in the decay =0 . A +y, and (b) there is a possibility of contamination
from the reaction 7 +p - A+ KO. That is, because of the recoil from the

y ray, a complete separation of ( Eo, KO) events from (A, Ko) events is not
possible for single A decays. DBy examining the double vees, where a complete
separation is obtained, we estimate that 5%3% of the 75 single vA decays attributed
to ( 20, Kg) production are in fact (A, Ko) events, and that an equal number of
gingle A decays from ( 2’30, Ko) have been called (A, KO) events, Thus no
systematic error is introduced into the total cross section by including the single
A events. (In the single Ko decays there is negligible contamination from

(A, Ko) production. ) In the ( Z 0. Ko) total cross section all 134 events are used.
In the angular distribution (Fig. 1) the shape is determined by the 59 events
involving Kﬁ decays, and the normalization by all 134 events. The errors are
calculated taking into account the correlation involved in the fact that the 59

counts are included in the total of 134.
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LEGENDS
Fig. 1. (Left) Absolute differential cross sections for n + p- 230 + Ko.
(Right} n +p = Z + K. Seetext. |
Fig. 2. Absolute differential croes section for oty p - =t + K*. The open
circles represent measured values by ‘the Michigan propane-chamber
group. The solid circles repres&zit the lower limit allowed by combining

the (EO, L{o) and (27, KJ') production results of the present experiment

with the triangle inequality {8) implied by charge independence.
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